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ESTIMATING TIME OF DEATH IN MALLARDS

T. L. Morrow and F, A, Glover

Colorado Cooperative Wildlife Research Unit
Colorado State University
Fort Collins, Colorado

This presentation is a progress report of a study conducted for the
past six months at Colorado State University as .pirt of the research
program of the Colorado Cooperative Wildllfe Research Unit, The ree
gearch wns [inanced by the Bureau of Sport Fishorles and Wildlife,
Divigion of Management and Enforcement, The purpose of this project
wis to develop a method of estimating titue of denth in mallards, The
~ people in the Bureau who initiated the project {cel that such a method
is needed by enforcement officers checking hunters {n the field, An

accurnte estimate of how long a duck has been deud would sometimes -

glve an indication (or substantiation) of whether or not it had been
taken illegally: you could estabiish, within a certain margin of error,
whethe's or not it was killed within shooting hours. The data I've col-

.- lected have been taken entirely (rom drake maliards, 18 birds in all,

“The sanie methods will no doubt apply to many birds; when and if the 7

technique proves useful for mallards, research may be extended to

—

other game species, Limited Investigations of the rate of body tem- -

perature change in dead waterfowl as an indleator of time of death
have been made previcusly (Morrison and Hunt, 1063),

"The methods we have found useful for time of death determinations
in mallards are generally pariillel to those used by coroners an human
legal medicine. Uross changes, requiring only observntlon Jr simple
measurements, have proved most satislactory. Studles o) khe same

kind on white-tailed deer in Malne have indicated the same mlng (Giit,

1962}, Over several years of study these workers found that the more

. complicated procedures, requiring exacting measurements and labora-

tory examination, were generally impractical for field use and cften
gave poor re_eiults even under laboratory conditions, Their most uselul
indicatora of time since death were carcass temperature, appearance
of the eyes, and stage of rigor mortis; over the short period [ have
spent on the problem I have concentrated primarily on these same
three indicators. Also, I have had limited success with another, the
resistance offered by muscle tissue to the passage of an electrical
current. As in human legal medicine, a final technique in pogt-mortem
aging must be based on several Indtcators; the variables involved are

. 8o numerous that no single factor can be depended on by itself.

To gather data on these indicators ducks were trapped near Colo-
rado State University and, shortly afterwards, killed under controlled



laboratory conditions, Time of death was carefully noted, and obser-
vations were made thereafter at regular intervals, each hour in most
cases, Observations were coutinued through at least 24 hours with all
the birds killed; several of the first ones were observed for periods
up to 60 hours, but few notable changes occurred after 24 hours post-
mortem. All-of this was carried out under constant temperature con-
ditions, since we considered ajr temperature to be one of our most
tmportant variables. wfecting the rate at which body heat was lost;
observations were made at temperatures considered meat 1izely to
prevail during waterfow! hunting., Welght and amount of surface {at
were recorded for each bird, as these were expected to influence the
rate of body cooling also, Several birds were immersed in water alter
death to see if evaporation [rom the plumage would niarkedly increase
rate of cooling. The body temperature of the duck, as well as belng an
indicator of thine since death, wus a suspected variable affecting the
other body changes under observation; it is constantly changing, of
vourse, but at a rate detormined by the other vnrlablcs 1 have
mentioned,

Body tempeiature was recorded at two points of mmsurement for
each duck, One thermometer was inserted about 3 Inches into the bird .-
via the cloaca and intestinal tract;-another was inzerted for about the -
same depth just anterior to and below the sternum, coming to rost
within the body cavity. The hody temperatures recorded from the
thoracic position generally were higher than the corresponding cloacal
ones, the difference ranging -from 2 to 6 degrees Fahrenhelt in the
first few hours after death. After 10 or 11 hours post-mortem readings
from the two positlons were more or less the same, Temperatures of
- living mallar-ds seem to range from about 100 to 108 degrees Fahrene
ity stresy in handling may account for a good deal of the variation
found. There ts some evidence to suggest that the body temperature
Increases slightly at the time of death; § have found the temperature of
some freshly killed birds to he as high as 110 degrees Fahrenheit.

After death the body temperature of the bird falls rapidly, but at a
decreasing rate; the more closely the body temperature approachies a
constant air temperature for each observation made, and the logarithm
of each ditferentinl then found, a plot of .these logarithmic values
against time after death gives a straight line. The rate at which body
cnoling is taking place is described by the slope of the tine. The re-
gression constant, or b value, of the line may.then be considered as
the cuoling constant of the particular bird in question. The value of the
cooling constant is affected by bird welght, amount of insulating fat, and
probably many other factors. but it is independent’ uf air temperature
{Morrison and Hunt, 1963},

We have tried to determine the value of cooling constants for mal-
lards and how much they will vary over a normal range of bird condi-



tions, More data are necded, however, to [ully cover this range of
variables, From what wa have now, and later more {fully, representa-
tive cooling constants will be used to construct a series of tables or
curves describing how body temperature changes with tine after death
under a geries of different conditions.

The eyes of dead mallards were found to change in appearince in
a rather predictable manner over a span of perhaps 15 hours after
death. These changes could be expected to glve only a very “1ough’”’
indicati-n of time after death because of the nature of the changes and
the extreme variability present. But they could he useful under speeial
elrcumstances, and they add another factor to the composite picture
being formed. During the first few hours after death the pupil changes
from a dark blulshi-black to become light blue and cleay; the eye loses
turgor, awd small indentations appear. Generally by the thirvd or fourth
hour, but often more delayed, nther changes occur: the pupil becomes
sunken and flat, while the iris does not sink but forms a raised circle
above and around the pupil, As this occurs the Iris typically changes
in color from brown to purple, Later, {from 10 to 24 hours post-
mortem, the iris sinks to become first flat, and Haally sharply coneave.
Any later changes were prolonged and slight.

The time required for muscular stiffening to rench completion in
different parts of the body 1s an important techinlque for establishing
time of death {n buman legat medicine, The work in Malne on white-
talled deer also has revealed a natural pattern of stiffening among
aifferent muscles of the body, \With knowledge of the pattern and the
time intervals Involved, an estimate of tlme since death can be made
adter examination of the careass. liowever, this require3 a familiarity
‘with the ““feel” of different levels of stiffening in different body parts;
some parts may be much more rigid under full rigor than others, The
uscfulness of this technique is much reduced after all muscles are in
full rigor; natural relaxation of the muscles is usually quite prolonged
and variable. The limb joints of soma of the deer obhserved in Maine
were still quite stiff after 10 or 11 days post-mortem (Giil, 1962), .

With the mallards [. examined all body parts were generally in full
mortis after 1 1/2 hours a2fter death, Degree of rigor was gauged by
Cfeel” (applylng slight pressure to test the elasticity of a muscle) in
the muscles of the breast, legs, neck, and bill and scored as none,
slight, moderate, or rigid, A consistent pattern of stiffening in these
parts was just not apparent from the birdsI observed, Probably certain
parts tend to stiffen more quickly than others, but normal variability
- obscures the pattern over such a short over-all interval. This method
~of comparing degree of stiffening in different body parts will probably
never be very useful for post-mortemi aging of ducks, but ‘‘rough”
estimates of time after death should still be possible by gauging the
general level of rigor up to about 1 1/% hours,



One idea that we feit worth Investlgating was a possible change in
resistance offered by muscle tissue to the passape of an electrical
current after death. We taought it lkely that the elecirical resistance
of the muscle tissue would be highest at the time of death, when the
tigsue was still living, and then deerease (n soine fashion as the tissue
died and the structure of celle and their separating membranes changed,
1 have not vet scen any reference to other work uf this kind having been
done, The best instrument we could find to take accurate resistance
measnrements of this kind was a Wheatstone bridge, which measures
unknown  values by comparison with known and adjustable resistors,
To estal lish a constant gap of muscle tissue across which we coukl
measure resistance, we devised a pair of electrodes which were to be
imserted vertically into a muscle (their Iength was ! em, and the gap
between them 1 emy, This unit was connected te the instrument by a
patr of lead wires,

Measurements were male on the pectoral muscles, lifting back the
skin to expose them, Two measurements were made at each position
used an a muscle: one measuring vesistance parallel to the muscle
fibers and another perpendicular to the alignment of the {ibers, Direct
current was tried for the measurements, but alternating current gave
much better results, Observations on two birds showed the resistance
values to drep very rapidly at first, then more slowly until finally
littte change way noted. The inltial readings taken perpendicular to the
alichrment of musecle [Hbers were much higher than the corresponding
parllel readings; then as both readings fell they became more nearly
vl The perpendicular readings took 3 to § hours langer to reach
the common base level, This techmgue has possibllities of being very
uvseful an determining time of death, bat many more ohservations must
be made ta determine its reliability,

Some  attentlon was given to other possible techniques of posta
merten: aging, One of these was the change in muscle tissue pll values
oceurring after death, I enough change occurred, it might be a useful
mthicater nf time since deaths After much difficulty in measuring
muscle pH oaecurately, an implant of a pH electrode was made into the
pectoral muscle of a freshly killed mallard. Readings of a pil meter at
5 minute tntervals showed a deerease in mmeele pH of less than 0.5
of 1 pH number over a period of 2 hours post-mortem; no further
change could be noted, Such a small change would be of little use in
time of death estimations.

An attempt was made to measure the {orce 1equired to detach cer-
taln [eathers from mallard wings and learn whether this force changed
with timie after deatlts Paor equipment prevented rellable measure-
ments from being made, and these Investigations were temporarily
disconfinued,

In summary, post-mortem Investigations in mallards have revealed
several methods which can be useful in estimating time of death. The



one most valuable hdieator of time of death is body temperature, but
electrleal resistance of musele tissue nay prove nearly as reliable,
Appearance of the eyes awd extent of rigor miortls are also vseful,
Time of death egtimates will be most reliable when atl lntllcntnu are
taken into account,
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